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Fig.4
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Fig.5
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Fig.8
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Fig.12
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Fig.14
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1
CETANE NUMBER ESTIMATION DEVICE

TECHNICAL FIELD

The present invention relates to a cetane number estimation
device for estimating the cetane number of fuel supplied to a
diesel engine.

BACKGROUND ART

In a diesel engine, fuel injected into a combustion chamber
by a fuel injector is compressed and ignited after the elapse of
a predetermined time (ignition delay) from injection. To
improve output performance and emission performance of
diesel engines, control devices are widely used that control
the engine control mode for the injection timing and the
injection amount in fuel injection while taking the ignition
delay into account.

Inadiesel engine, the lower the cetane number of fuel used,
the longer the ignition delay becomes. Thus, even if the
engine control execution mode is set before shipment of a
diesel engine, supposing that fuel having a standard cetane
number will be used, the ignition timing of fuel will be
delayed and the state of combustion will be deteriorated if
fuel having a relatively low cetane number such as winter fuel
is supplied to the fuel tank. Depending on the case, misfiring
occurs.

To suppress the occurrence of such inconvenience, it is
desirable to correct the engine control execution mode based
on the actual cetane number of fuel to be injected into a
combustion chamber. To perform such a correction in a favor-
able manner, it is necessary to correctly estimate the cetane
number of fuel.

Conventionally, a device has been proposed in Patent Lit-
erature 1 that injects a small amount of fuel from a fuel
injector and estimates a cetane number of the fuel based on
engine torque generated with fuel injection. In the device
disclosed in this Patent Literature 1, the cetane number of the
fuel is estimated based on the relationship between the fuel
injection amount and the output torque, which have been
individually detected, focusing on the fact that the relation-
ship between fuel injection amount and output torque of the
diesel engine changes according to the cetane number.

PRIOR ART DOCUMENT
Patent Document
Patent Document 1

Japanese Laid-Open Patent Publication No. 2009-74499

SUMMARY OF THE INVENTION
Problems that the Invention is to Solve

Even if fuels having the same cetane number are com-
busted by the same amount, the amounts of heat generated at
this time are not necessarily the same and the amount of
generated heat may vary. This is thought to occur for the
following reason. Fuel (light oil) is a mixture mainly contain-
ing hydrocarbons, and the hydrocarbons have various struc-
tures. Further, various materials are added to the fuel to obtain
a constant characteristic. Thus, the density of hydrocarbons in
the fuel varies depending on differences in fuel production
time and site. The amount of generated heat is thought to vary
due to such a density variation.
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As long as the amount of heat generated by fuel varies, even
if the same amount of fuel is injected and supplied into a
diesel engine and combusted, a variation in output torque of
this diesel engine is unavoidable. Thus, even if a cetane num-
ber of fuel is estimated merely based on the relationship
between the fuel injection amount and the output torque as in
the device disclosed in Patent Literature 1, it cannot be dis-
tinguished whether a change in the output torque is caused by
a different cetane number of the fuel or a difference in the
amount of generated heat when the output torque changes,
wherefore the estimation cannot be accurately performed.

As just described, the device disclosed in Patent Literature
1 cannot avoid reduction in cetane number estimation accu-
racy due to a variation in the amount of heat generated by fuel,
and there is a room for improvement in this respect.

An object of the present invention is to provide a cetane
number estimation device capable of accurately estimating a
cetane number of fuel.

Means for Solving the Problems

To achieve the foregoing objective, the present invention
provides a cetane number estimation device that executes fuel
injection by a predetermined injection amount, thereby esti-
mating a cetane number of fuel to be combusted in a diesel
engine. The device detects an index value of an amount of
heat generated by combustion of the fuel, computes an index
value of output torque of the diesel engine that is generated by
execution of fuel injection by the predetermined injection
amount, and estimates the cetane number based on the index
values.

According to the above configuration, the index value of
the amount of heat generated by the combustion of the fuel
can be detected and the cetane number of the fuel can be
estimated based on this index value. Thus, although the out-
put torque of the diesel engine generated with the injection of
the predetermined amount of the fuel changes due to a varia-
tion of the amount of generated heat of the fuel, the cetane
number can be estimated while an effect of that change is
considered. Thus, an error in estimating the cetane number of
the fuel due to a variation of the amount of generated heat of
the fuel is suppressed, and the cetane number of the fuel is
accurately estimated.

In accordance with one aspect of the present invention, the
device stores in advance a relationship between an estimated
value of the cetane number and the index value of the output
torque, corrects the relationship based on the index value of
the amount of generated heat, and computes the estimated
value of the cetane number based on the corrected relation-
ship and the index value of the output torque.

In accordance with one aspect of the present invention, the
device stores in advance a relationship between an estimated
value of the cetane number and the index value of the output
torque, corrects the index value of the output torque based on
the index value of the amount of generated heat, and com-
putes the estimated value of the cetane number based on the
corrected index value and the relationship.

In accordance with one aspect of the present invention, the
device executes fuel injection for estimating the cetane num-
ber based on an injection amount that has been corrected in
accordance with the index value of the amount of generated
heat, and estimates the cetane number based on the index
value of the output torque that has been computed at the
execution of the fuel injection.

In accordance with a preferable aspect, the device executes
fuel injection by a predetermined injection amount to detect
the amount of generated heat of the fuel, computes the index
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value of output torque of the diesel engine that is generated by
execution of the fuel injection, and sets the computed index
value as the index value of the amount of generated heat.

The device preferably executes, based on a target injection
amount, fuel injection for detecting the amount of generated
heat. The device further includes a pressure sensor that
detects a fuel pressure that is an index of fuel pressure inside
afuelinjector. The device corrects the target injection amount
based on a fluctuating waveform of fuel pressure detected by
the pressure sensor at fuel injection.

The device preferably computes an actual operating char-
acteristic of the fuel injector based on the fluctuating wave-
form of the detected fuel pressure, and corrects the target
injection amount based on a difference between the computed
actual operating characteristic and a predetermined basic
operating characteristic.

In accordance with one aspect of the present invention, the
device detects a temperature of the fuel using a temperature
sensor, and corrects the target injection amount based on the
detected fuel temperature.

Inaccordance with a preferable aspect, the device performs
the detection of the fuel temperature using the temperature
sensor immediately before the execution of the fuel injection
for detecting the amount of generated heat.

In accordance with one aspect of the present invention, the
device executes, based on a target fuel injection amount, fuel
injection for estimating the cetane number. The device further
includes a pressure sensor that detects a fuel pressure that is
an index of fuel pressure inside a fuel injector. The device
corrects the target fuel injection amount based on a fluctuat-
ing waveform of fuel pressure detected by the pressure sensor
at fuel injection.

In accordance with a preferable aspect, the device com-
putes an actual operating characteristic of the fuel injector
based on the fluctuating waveform of the detected fuel pres-
sure, and corrects the target fuel injection amount based on a
difference between the computed actual operating character-
istic and a predetermined basic operating characteristic.

In accordance with one aspect of the present invention, the
device executes, based on a target fuel injection amount, fuel
injection for estimating the cetane number, detects a tempera-
ture of the fuel using a temperature sensor, and corrects the
target fuel injection amount based on the detected fuel tem-
perature.

The device preferably performs the detection of the fuel
temperature using the temperature sensor immediately before
the execution of the fuel injection for estimating the cetane
number.

The pressure sensor is preferably attached to the fuel injec-
tor.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram showing a schematic configuration of a
cetane number estimation device according to one embodi-
ment of the present invention;

FIG. 2 is a cross-sectional view showing a cross-sectional
structure of a fuel injector;

FIG. 3 is a time chart showing a relationship between
changes of fuel pressure and detection temporal waveform of
a fuel injection rate;

FIG. 4 is a flowchart showing an execution procedure of a
correction process;

FIG. 5 is a time chart showing an example of a relationship
between the detection temporal waveform and a basic tem-
poral waveform;
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FIG. 6 is a time chart showing an example of a relationship
between the detection temporal waveform and the basic tem-
poral waveform;

FIG. 7 is a time chart showing an example of a relationship
between temperature in a combustion chamber and an engine
speed;

FIG. 8 is a graph showing a relationship of an engine speed
fluctuation amount, an engine speed during injection and a
cetane number of fuel;

FIG. 91s a graph showing a relationship of the engine speed
fluctuation amount, the engine speed during injection, and an
execution timing of fuel injection;

FIGS. 10(a) and 10(b) are graphs showing relationships of
the engine speed fluctuation amount, the engine speed during
injection, and a fuel injection timing;

FIG. 11 is a graph showing a relationship of the cetane
number of fuel, the engine speed fluctuation amount, and the
fuel injection timing;

FIG. 12 is a flowchart showing an execution procedure of a
detection control process;

FIG. 13 is a chart showing a method for calculating the
engine speed fluctuation amount; and

FIG. 14 is a flowchart showing an execution procedure of
an estimation control process.

MODES FOR CARRYING OUT THE INVENTION

Hereinafter, a cetane number estimation device according
to one embodiment of the present invention will be described.

As shown in FIG. 1, a diesel engine 10 is installed as a drive
source in a vehicle 1. A crankshaft 14 of the diesel engine 10
is coupled to wheels 4 via a clutch mechanism 2 and a manual
transmission 3. When a clutch operating member (e.g. clutch
pedal) is operated by a driver in the vehicle 1, the clutch
mechanism 2 is set in an operating condition to disconnect the
crankshaft 14 from the manual transmission 3.

An intake passage 12 is connected to cylinders 11 of the
diesel engine 10. Air is taken into the cylinders 11 of the diesel
engine 10 via the intake passage 12. Further, a diesel engine
with a plurality of cylinders 11 (four denoted #1 to #4 in the
present embodiment) is adopted as the diesel engine 10. Inthe
diesel engine 10, a direct injection type fuel injector 20 for
directly injecting fuel into the cylinder 11 is mounted in each
cylinder 11. The fuel injected by opening the fuel injector 20
comes into contact with intake air compressed and heated in
the cylinder 11 of the diesel engine 10, thereby being ignited
and combusted. In the diesel engine 10, a piston 13 is pushed
down by energy produced by the combustion of the fuel in the
cylinder 11 and the crankshaft 14 is forcibly rotated. Burned
gas produced by combustion in the cylinders 11 of the diesel
engine 10 is discharged as exhaust gas to an exhaust passage
15 of the diesel engine 10.

An exhaust driven type supercharger 16 is provided in the
diesel engine 10. The supercharger 16 includes a compressor
17 mounted in the intake passage 12 of the diesel engine 10
and a turbine 18 mounted in the exhaust passage 15. The
supercharger 16 feeds the intake air passing the intake pas-
sage 12 under pressure utilizing energy of the exhaust gas
passing the exhaust passage 15 of the diesel engine 10.

Each fuel injector 20 is individually connected to a com-
mon rail 34 viaa branch passage 314, and this common rail 34
is connected to a fuel tank 32 via a supply passage 315. A fuel
pump 33 for feeding fuel under pressure is provided in this
supply passage 31b. In the present embodiment, the fuel
whose pressure is increased by being fed under pressure by
the fuel pump 33 is stored in the common rail 34 and supplied
into each fuel injector 20. Further, a return passage 35 is
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connected to each fuel injector 20, and these return passages
35 are respectively connected to the fuel tank 32. Some of the
fuel inside the fuel injector 20 is returned to the fuel tank 32
via this return passage 35.

The internal structure of each fuel injector 20 will be
described below.

As shown in FIG. 2, a needle valve 22 is provided inside a
housing 21 of the fuel injector 20. This needle valve 22 is
provided in a state to be reciprocally movable (vertically
movable in FIG. 2) in the housing 21. A spring 24 for con-
stantly urging the above needle valve 22 toward an injection
hole 23 (downward in FIG. 2) is provided inside the housing
21. Further, inside the housing 21, a nozzle chamber 25 is
formed at a position at one side (lower side in FIG. 2) of the
above needle valve 22 and a pressure chamber 26 is formed at
a position at the other side (upper side in FIG. 2).

The nozzle chamber 25 is formed with the injection hole 23
allowing communication ofthe interior of the nozzle chamber
25 and the outside of the housing 21, and the fuel is supplied
from the above branch passage 31a (common rail 34) via an
introducing passage 27. The above nozzle chamber 25 and
branch passage 31a (common rail 34) are connected to the
pressure chamber 26 via a communication passage 28. Fur-
ther, the pressure chamber 26 is connected to the return pas-
sage 35 (fuel tank 32) via a discharge passage 30.

The above fuel injector 20 is of an electrically driven type.
A piezoelectric actuator 29 formed by laminating piezoelec-
tric elements that extend and contract by the input of a drive
signal is provided inside the housing 21 of the fuel injector 20.
A valve body 29a is attached to this piezoelectric actuator 29
and provided inside the pressure chamber 26. One of the
communication passage 28 (nozzle chamber 25) and the dis-
charge passage 30 (return passage 35) is selectively allowed
to communicate with the pressure chamber 26 through move-
ment of the valve body 29a caused by the operation of the
piezoelectric actuator 29.

In this fuel injector 20, when a valve closing signal is input
to the piezoelectric actuator 29, the piezoelectric actuator 29
contracts to move the valve body 29a, thereby setting a state
where the communication passage 28 and the pressure cham-
ber 26 are allowed to communicate and a state where com-
munication between the return passage 35 and the pressure
chamber 26 is blocked. In this way, the nozzle chamber 25 and
the pressure chamber 26 are allowed to communicate with the
discharge of the fuel in the pressure chamber 26 to the return
passage 35 (fuel tank 32) inhibited. Thus, the pressure differ-
ence between the nozzle chamber 25 and the pressure cham-
ber 26 becomes very small and the needle valve 22 is moved
to a position to close the injection hole 23 by the urging force
of the spring 24. At this time, the fuel injector 20 is set in a
state where the fuel is not injected (valve closed state).

On the other hand, when a valve opening signal is input to
the piezoelectric actuator 29, the piezoelectric actuator 29
extends to move the valve body 29a, thereby setting a state
where communication between the communication passage
28 and the pressure chamber 26 is blocked and a state where
the return passage 35 and the pressure chamber 26 are
allowed to communicate. In this way, some of the fuel in the
pressure chamber 26 is returned to the fuel tank 32 via the
return passage 35 with the discharge of the fuel from the
nozzle chamber 25 to the pressure chamber 26 inhibited.
Thus, a pressure of the fuel in the pressure chamber 26
decreases to increase the pressure difference between the
pressure chamber 26 and the nozzle chamber 25 and the
needle valve 22 is moved away from the injection hole 23
against the urging force of the spring 24 due to this pressure
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difference. At this time, the fuel injector 20 is set in a state
where the fuel is injected (valve open state).

A fuel sensor 41 for outputting a signal corresponding to a
fuel pressure PQ inside the introducing passage 27 is inte-
grally attached to the fuel injector 20. Thus, as compared with
adevice in which a fuel pressure at a position distant from the
fuel injector 20 such as a fuel pressure in the common rail 34
(see FIG. 1) is detected, a fuel pressure at a position close to
the injection hole 23 of the fuel injector 20 can be detected.
Changes in the fuel pressure inside the fuel injector 20 asso-
ciated with the opening of the fuel injector 20 thus can be
accurately detected. A fuel sensor that also functions as a
temperature sensor for detecting a fuel temperature (THQ)
inside the introducing passage 27 in addition to a function as
apressure sensor is used as this fuel sensor 41. The functions
of'the fuel sensor 41 are switched in accordance with a signal
input from an electronic control unit 40, which will be dis-
cussed below. Further, one fuel sensor 41 is provided for each
fuel injector 20, i.e. for each cylinder 11 of the diesel engine
10.

As shown in FIG. 1, the diesel engine 10 includes various
sensors for detecting operating state as peripheral devices. In
addition to the above fuel sensor 41, these sensors include, for
example, a supercharging pressure sensor 42 for detecting a
pressure (supercharging pressure PA) in a part of the intake
passage 12 downstream of the above compressor 17 in an
intake flowing direction and a crank sensor 43 for detecting a
rotational phase (crank angle CA) and a rotation speed of the
crankshaft 14 (engine speed NE). These sensors further
include a water temperature sensor 44 for detecting a tem-
perature of coolant (THW) of the diesel engine 10, a reserve
amount sensor 45 for detecting a reserve amount of the fuel in
the fuel tank 32 and an accelerator operation amount sensor
46 for detecting an operation amount (accelerator operation
amount ACC) of an accelerator operating member (e.g. accel-
erator pedal). In addition to these, a vehicle speed sensor 47
for detecting a running speed of the vehicle 1, a clutch switch
48 for detecting whether or not the clutch operating member
has been operated, and the like are also provided.

The electronic control unit 40 including a microcomputer
and the like is, for example, also provided as a peripheral
device of the diesel engine 10. The electronic control unit 40
functions as an estimation unit for estimating a cetane number
of fuel, receives output signals of various sensors, performs
various computations based on these output signals, and
executes various controls relating to the operation of the
diesel engine 10 such as an operation control of the fuel
injectors 20 (fuel injection control) based on the computation
results.

The fuel injection control of the present embodiment is
basically executed as follows.

First, a control target value (required injection amount
TAU) relating to a fuel injection amount for engine operation
is calculated based on the accelerator operation amount ACC,
the engine speed NE and a cetane number of the fuel (spe-
cifically, estimated cetane number, which will be discussed
below). Thereafter, a control target value of the fuel injection
timing (required injection timing Tst) and a control target
value of'a fuel injection time (required injection time Ttm) are
calculated based on the required injection amount TAU and
the engine speed NE. Then, each fuel injector 20 is opened
based on these required injection timing Tst and required
injection time Ttm. In this way, an amount of fuel matching
the operating state of the diesel engine 10 at each successive
point in time is injected from each fuel injector 20 and sup-
plied into the corresponding cylinder 11 of the diesel engine
10.
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Further, in the present embodiment, an operation control
(rail pressure control) of the fuel pump 33 is executed in
association with the execution of such a fuel injection control.
This rail pressure control is executed to adjust a fuel pressure
(rail pressure) in the common rail 34 in accordance with the
operating state of the diesel engine 10. Specifically, a control
target value (required rail pressure Tpr) relating to the rail
pressure is calculated based on the required injection amount
TAU and the engine speed NE. Then, the operation of the fuel
pump 33 is so controlled that this required rail pressure Tpr
and the actual rail pressure match, whereby a fuel pressure
feed amount of the fuel pump 33 is adjusted.

Furthermore, in the present embodiment, in order to prop-
erly execute fuel injection in accordance with the operating
state of the diesel engine 10, a correction process for forming
a detection temporal waveform of a fuel injection rate based
on the fuel pressure PQ detected by the fuel sensor 41 and
correcting the required injection timing Tst and the required
injection time Ttm based on the detection temporal waveform
is executed. This correction process is separately executed for
each cylinder 11 of the diesel engine 10. Such a correction
process will be described in detail below.

The fuel pressure inside the fuel injector 20 varies as the
fuel injector 20 is opened and closed such as a decrease with
the opening of the fuel injector 20 and an increase with the
subsequent closing of this fuel injector 20. Thus, the actual
operation characteristic (e.g. timing at which a valve opening
action is started, timing at which a valve closing action is
started) of the fuel injector 20 can be accurately grasped by
monitoring a fluctuating waveform of the fuel pressure at the
execution of the fuel injection.

A procedure of forming such a fluctuating waveform (in
the present embodiment, detection temporal waveform of the
fuel injection rate) of the fuel pressure at the execution of the
fuel injection will first be described.

FIG. 3 shows a relationship between changes of the fuel
pressure PQ and the detection temporal waveform of the fuel
injection rate.

As shown in FIG. 3, timing at which the valve opening
action of the fuel injector 20 (specifically, a movement of the
needle valve 22 toward a valve opening side) is started (valve
opening action start timing Tos), timing at which the fuel
injection rate is maximized (injection rate maximization tim-
ing Toe), timing at which drop of the fuel injection rate starts
(injection rate drop start timing Tcs) and timing at which the
valve closing action (specifically, the movement of the needle
valve 22 toward a valve closing side) of the fuel injector 20 is
completed (valve closing action completion timing Tce) are
respectively detected in the present embodiment.

First, an average value of the fuel pressure PQ during a
predetermined period T1 immediately before the valve open-
ing action of the fuel injector 20 is started is calculated and
stored as a reference pressure Pbs. This reference pressure
Pbs is used as a pressure equivalent to a fuel pressure inside
each fuel injector 20 at the time of valve closing.

Subsequently, the value obtained by subtracting a prede-
termined pressure P1 from this reference pressure Pbs is
calculated as an operating pressure Pac (Pac=Pbse-P1). This
predetermined pressure P1 is a pressure equivalent to a
change of the fuel pressure PQ despite the needle valve 22
being located at a valve closing position in driving the fuel
injector 20 open or closed, i.e. a change of the fuel pressure
PQ not contributing to a movement of the needle valve 22.

Thereafter, a first-order differential value of the fuel pres-
sure PQ in a period during which the fuel pressure PQ drops
immediately after the start of the execution of the fuel injec-
tion is calculated. Then, a tangential line [.1 of a temporal
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waveform of the fuel pressure PQ at a point where this first-
order differential value is minimized is obtained and an inter-
section point A of this tangential line L1 and the operating
pressure Pac is calculated. Timing corresponding to a point
AA, to which the intersection point A is brought back in time
by a detection delay of the fuel pressure PQ is identified as the
valve opening action start timing Tos. The above detection
delay is a period equivalent to a delay in a change timing of the
fuel pressure PQ in response to a change timing of the pres-
sure in the nozzle chamber 25 (see FIG. 2) of the fuel injector
20 and is a delay caused due to the distance between the
nozzle chamber 25 and the fuel sensor 41 and the like.

Further, a first-order differential value of the fuel pressure
PQ in a period during which the fuel pressure PQ increases
after temporarily dropping immediately after the start of the
execution ofthe fuel injection is calculated. Then, a tangential
line 1.2 of the temporal waveform of the fuel pressure PQ at a
point where this first-order differential value is maximized is
obtained and an intersection point B of this tangential line [.2
and the operating pressure Pac is calculated. Timing corre-
sponding to a point BB, to which the intersection point B is
brought back in time by the detection delay, is identified as the
valve closing action start timing Tce.

Furthermore, an intersection point C of the tangential lines
L1, L2 is calculated and the difference between the fuel
pressure PQ and the operating pressure Pac (hypothetical
pressure drop AP [AP=Pac-PQ)]), at this intersection point C
is obtained. Further, the value obtained by multiplying this
hypothetical pressure drop AP by a gain G1, which is set
based on the required injection amount TAU and the required
rail pressure Tpr, is calculated as a hypothetical maximum
fuel injection rate VRt (VRt=APxG1). Furthermore, the value
obtained by multiplying the hypothetical maximum fuel
injection rate VRt by a gain G2, which is set based on the
required injection amount TAU and the required rail pressure
Tpr, is calculated as a maximum injection rate Rt (Rt=VRtx
G2).

Thereafter, timing CC reached by bringing back the above
intersection point C in time by the detection delay is calcu-
lated and a point D, at which the hypothetical maximum fuel
injection rate VRt is reached at the timing CC, is identified.
Then, timing corresponding to an intersection point E of a
straight line .3 connecting the point D and the valve opening
action start timing Tos (specifically, point at which the fuel
injection rate becomes “0” at this timing Tos) and the maxi-
mum injection rate Rt is identified as the injection rate maxi-
mization timing Toe.

Further, timing corresponding to an intersection point F of
a straight line L4 connecting the above point D and the valve
closing action completion timing Tce (specifically, point at
which the fuel injection rate becomes “0” at this timing Tce)
and the maximum injection rate Rt is identified as the injec-
tion rate drop start timing Tcs.

Furthermore, a trapezoidal temporal waveform formed by
the valve opening action start timing Tos, the injection rate
maximization timing Toe, the injection rate drop start timing
Tcs, the valve closing action completion timing Tce and the
maximum injection rate Rt is used as a detection temporal
waveform for the fuel injection rate in the fuel injection.

Next, with reference to FIGS. 4 to 6, a procedure of a
process for correcting various control target values of the fuel
injection control based on such a detection temporal wave-
form (correction process) is described in detail.

FIG. 4 is a flowchart showing a specific procedure of the
above correction process and a series of processings shown in
this flowchart are performed as interrupt processings in each
predetermined cycle by the electronic control unit 40. Fur-



US 9,127,608 B2

9

ther, FIGS. 5 and 6 respectively show examples of a relation-
ship between the detection temporal waveform and a basic
temporal waveform.

As shown in FIG. 4, in this process, the detection temporal
waveform in the fuel injection is first formed based on the fuel
pressure PQ as described above (step S101). Further, a basic
value (basic temporal waveform) for the temporal waveform
of'the fuel injection rate in the fuel injection is set based on the
operating state of the diesel engine 10 such as the accelerator
operation amount ACC and the engine speed NE (step S102).
In the present embodiment, a relationship between the oper-
ating state of the diesel engine 10 and the basic temporal
waveform suitable for the operating state is obtained in
advance based on results of experimentation or simulation
and stored in the electronic control unit 40. In step S102, the
basic temporal waveform is set from the above relationship
based on the operating state of the diesel engine 10 at each
successive point in time. In the present embodiment, the
above detection temporal waveform functions as the actual
operation characteristic of the fuel injector 20 and the basic
temporal waveform functions as a predetermined basic opera-
tion characteristic.

As shown in FIG. 5, a trapezoidal temporal waveform is
defined by a valve opening action start timing Tosb, a injec-
tion rate maximization timing Toeb, an injection rate drop
start timing Tcsb, a valve closing action completion timing
Tceb and a maximum injection rate is set as the above basic
temporal waveform (line formed by a long dash alternating
with a short dash).

Then, such a basic temporal waveform and the above
detection temporal waveform (solid line) are compared and a
correction term K1 for correcting a control target value for the
start timing ofthe fuel injection (required injection timing Tst
described above) and correction terms K2, K3 for correcting
a control target value for the execution time of the fuel injec-
tion (required injection time Ttm) are respectively calculated
based on the comparison result.

Specifically, the difference ATos between the valve open-
ing action start timing Tosb in the basic temporal waveform
and the valve opening action start timing Tos in the detection
temporal waveform is calculated (step S103 of FIG. 4), and
the correction term K1 is calculated and stored based on this
difference ATos, the required injection amount TAU, and the
engine speed NE (step S104). In the present embodiment, a
relationship between 1) a situation determined by the above
difference ATos, the required injection amount TAU and the
engine speed NE and ii) the correction term K1 capable of
precisely compensating for this difference ATos is obtained in
advance based on results of experimentation and simulation
and stored in the electronic control unit 40. In step S104, the
correction term K1 is calculated based on this relationship.

Further, the difference ATcs between the injection rate
drop start timing Tcsb (FIG. 5) in the basic temporal wave-
form and the injection rate drop start timing Tcs in the detec-
tion temporal waveform is calculated (step S105 of FIG. 4)
and the correction term K2 is calculated and stored based on
this difference ATcs, the required injection amount TAU and
the engine speed NE (step S106). In the present embodiment,
a relationship between 1) a situation determined by the above
difference ATcs, the required injection amount TAU and the
engine speed NE and ii) the correction term K2 capable of
precisely compensating for this difference ATcs is obtained in
advance based on results of experimentation and simulation
and stored in the electronic control unit 40. In the processing
of step S106, the correction term K2 is calculated based on
this relationship.

30

40

45

10

As shown in FIG. 6, in calculating the correction term K3,
the difference in change rate of the fuel injection rate between
the basic temporal waveform (line formed by a long dash
alternating with a short dash) and the detection temporal
waveform (solid line) is first calculated (step S107). Specifi-
cally, the difference ARup in the inclination of a line segment
connecting the valve opening action start timing Tos (or Tosb)
and the injection rate maximization timing Toe (or Toeb) is
calculated as an increase rate difference of the fuel injection
rate. Further, the difference ARdn in the inclination of a line
segment connecting the injection rate drop start timing Tcs
(or Tesb) and the valve closing action completion timing Tce
(or Tcsb) is calculated as a drop rate difference of the fuel
injection rate. In the present embodiment, these differences
ARup, ARdn are calculated as values highly correlated to the
area difference between the basic temporal waveform and the
detection temporal waveform. Then, the correction term K3 is
calculated and stored based on these differences ARup, ARdn,
the required injection amount TAU and the engine speed NE
(step S108). In the preset embodiment, a relationship between
1) a situation determined by the respective differences ARup,
ARdn, the required injection amount TAU and the engine
speed NE and ii) the correction term K3 capable of precisely
compensating for the difference in the area (specifically, par-
tial area of each waveform enclosed by the fuel injection rate
and a line along which the fuel injection rate is “0”’) between
the basic temporal waveform and the detection temporal
waveform is obtained in advance based on results of an
experimentation and simulation and stored in the electronic
control unit 40. In step S108, the correction term K3 is cal-
culated based on this relationship.

After the respective correction terms K1, K2 and K3 are
calculated in this way, this process is temporarily suspended.

In executing the fuel injection control, the value obtained
by correcting the required injection timing Tst using the cor-
rection term K1 (in the present embodiment, the value
obtained by adding the correction term Ni to the required
injection timing Tst) is calculated as a final required injection
timing Tst. By calculating the required injection timing Tst in
this way, the deviation between the valve opening action start
timing Tosb in the basic temporal waveform and the valve
opening action start timing Tosb in the detection temporal
waveform is suppressed. Thus, the fuel injection start timing
is accurately set in accordance with the operating state of the
diesel engine 10.

Further, the value obtained by correcting the required
injection time Ttm using the above correction terms K2, K3
(in the present embodiment, the value obtained by adding the
correction terms K2, K3 to the required injection time Ttm) is
calculated as a final required injection time Ttm. By calculat-
ing the required injection time Ttm in this way, the deviation
between the injection rate drop start timing Tcsb in the basic
temporal waveform and the injection rate drop start timing
Tcs in the detection temporal waveform is suppressed. Thus,
timing at which the fuel injection rate starts decreasing in the
fuel injection is accurately set in accordance with the operat-
ing state of the diesel engine 10.

Since the required injection timing Tst and the required
injection time Ttm are corrected based on the difference
between the actual operation characteristic (specifically,
detection temporal waveform) of the fuel injector 20 and the
predetermined basic operation characteristic (specifically,
basic temporal waveform) in the present embodiment, the
deviation between the actual operation characteristic of the
fuel injector 20 and the basic operation characteristic (opera-
tion characteristic of a fuel injector having a standard char-
acteristic) is suppressed. In this way, the execution timing and
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the execution time of the fuel injection are respectively prop-
erly set to match the operating state of the diesel engine 10.

Even if both the valve opening action start timing and the
injection rate drop start timing match between the basic tem-
poral waveform and the detection temporal waveform, there
is a possibility that the area of the basic temporal waveform
and that ofthe detection temporal waveform do not match and
the fuel injection amount deviates from the amount matching
the operating state of the diesel engine if the increase rate and
the drop rate of the fuel injection rate differ between the basic
temporal waveform and the detection temporal waveform. In
this respect, in the present embodiment, the area difference
between the basic temporal waveform and the detection tem-
poral waveform is suppressed by the correction using the
above correction term K3. Thus, the fuel injection amount in
the fuel injection is accurately adjusted to an amount match-
ing the operating state of the diesel engine 10.

Further, since the above rail pressure control is executed in
the device of the present embodiment, the amount of change
in the valve opening action start timing when the required
injection timing Tst is changed by the same value and the
amount of change in the injection rate drop start timing when
the required injection time Ttm is changed by the same value
differ according to the rail pressure. In the present embodi-
ment, the above rail pressure (specifically, required injection
amount TAU and engine speed NE as calculation parameters
of the required rail pressure Tpr) is used as a calculation
parameter used for the calculation of the respective correction
terms K1, K2 and K3. Thus, the respective correction terms
K1, K2 and K3 are properly calculated in accordance with the
rail pressure at each successive point in time.

In the device according to the present embodiment, control
for estimating the cetane number of fuel (estimation control)
is executed.

This estimation control is basically executed as follows.
Specifically, a predetermined amount (e.g. several cubic mil-
limeters) of fuel is injected when an execution condition
holds and an index value (engine speed fluctuation amount
ZANE, which will be discussed below) of output torque of the
diesel engine 10 generated with the execution of that fuel
injection is calculated. Then, the cetane number of the fuel is
estimated based on this engine speed fluctuation amount
ZANE. The higher the cetane number of the fuel supplied to
the diesel engine 10, the more easily the fuel is ignited and the
less fuel is left uncombusted. Thus, the engine torque gener-
ated with the combustion of the fuel increases. In the estima-
tion control of the present embodiment, the cetane number of
the fuel is estimated based on such a relationship between the
cetane number of the fuel and the output torque of the diesel
engine 10.

Output torque of the diesel engine 10 generated when a
predetermined amount of fuel is injected changes according
to the engine speed NE in addition to changing according to
the cetane number of the fuel. This is for the following reason.

FIG. 7 shows an example of a relationship between the
temperature (or pressure) in a combustion chamber 11a of the
diesel engine 10 and the engine speed NE. As shown in FIG.
7, the higher the engine speed NE, the shorter the period
during which a high-temperature, high-pressure condition is
set in the combustion chamber 11a becomes. Thus, when the
predetermined amount of fuel is injected in the above estima-
tion control, the higher the engine speed NE, the earlier the
temperature and the pressure in the combustion chamber 11a
become lower and the more likely the fuel is left uncom-
busted. Therefore, the output torque of the diesel engine 10
generated with that fuel injection tends to become smaller.
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FIG. 8 shows a relationship between the engine speed
fluctuation amount ZANE and the engine speed NE when the
same amount of fuel is injected at the same injection timing.
As is clear from FIG. 8, when the same amount of fuel is
injected at the same injection timing, the higher the engine
speed NE at the execution of the fuel injection (hereinafter,
engine speed during injection), the smaller the output torque
of'the diesel engine 10 (specifically, engine speed fluctuation
amount 2ANE as an index value thereof) becomes.

Further, the output torque of the diesel engine 10 generated
when the predetermined amount of fuel is injected changes
according to the execution time of this fuel injection in addi-
tion to changing according to the cetane number of the fuel
and the engine speed NE.

FIG. 9 shows a relationship of the engine speed fluctuation
amount XANE, the engine speed during injection and the
execution timing of the fuel injection when the same amount
of fuel having the same cetane number is injected. As shown
in FIG. 9, the more retarded the execution timing of the fuel
injection, the smaller the output torque (specifically, engine
speed fluctuation amount ZANE as an index value thereof) of
the diesel engine 10 generated with the fuel injection
becomes. This is thought to be because the fuel is combusted
in a situation where the temperature and the pressure in the
combustion chamber 114 are low and more fuel is left uncom-
busted as the execution timing of the fuel injection is more
retarded.

As just described, in the device of the present embodiment,
when the predetermined amount of fuel is injected, the more
advanced the execution timing of the fuel injection, the lower
the engine speed NE during the execution, and further the
higher the cetane number of the fuel, the larger the output
torque of the diesel engine 10 generated with this fuel injec-
tion becomes.

Thus, in the present embodiment, the cetane number of the
fuel is estimated based on the relationship of the above engine
speed fluctuation amount ZANE, the execution timing of the
fuel injection by the estimation control, and the engine speed
during injection. Since this enables the cetane number of the
fuel to be estimated taking into consideration a difference in
the output torque of the diesel engine 10 due to a difference in
the engine speed during injection and a difference in the
execution timing of the fuel injection, the cetane number can
be accurately estimated.

An execution mode of such an estimation control will be
specifically described below.

There is an upper limit (specifically, output torque when
the fuel left uncombusted is 0) to the output torque of the
diesel engine 10 generated with the execution of the injection
of'the predetermined amount of fuel. The above output torque
reaches the upper limit in a range where the above fuel injec-
tion is executed in a situation where the engine speed NE is
low (see FIG. 8) and a range where the above fuel injection is
executed at an advanced timing (see FI1G. 9). Since the output
torque of the diesel engine 10 reaches the upper limit in such
ranges without depending on the cetane number of the fuel,
the cetane number of the fuel cannot be determined based on
this output torque (specifically, engine speed fluctuation
amount 2ANE).

Further, the output torque of the diesel engine 10 generated
with the execution of the injection of the predetermined
amount of fuel has a lower limit (output torque=0) in addition
to the upper limit. The above output torque reaches the lower
limit in a range where the above fuel injection is executed in
a situation where the engine speed NE is high (see FIG. 8) and
a range where the above fuel injection is executed at a
retarded timing (see FIG. 9). Since the output torque of the
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diesel engine 10 reaches the lower limit in such ranges with-
out depending on the cetane number of the fuel, the cetane
number of the fuel cannot be determined based on this output
torque (specifically, engine speed fluctuation amount 2ANE).

Because of this, in order to accurately estimate the cetane
number of the fuel, it is desirable to execute the fuel injection
in the estimation control in such a manner as to reduce the
ranges where the output torque of the diesel engine 10 reaches
the upper or lower limit.

As is clear from FIG. 9, the ranges where the output torque
of the diesel engine 10 reaches the upper or lower limit are
changed by changing the execution timing of the fuel injec-
tion. In view of such a characteristic, in the estimation control
according to the present embodiment, a control target value of
the execution timing of'the fuel injection (target fuel injection
timing TQsta) is set based on the engine speed NE and the fuel
injection is executed at this target fuel injection timing TQsta.
Specifically, the higher the engine speed NE, the more
advanced timing is set as this target fuel injection timing
TQsta. The following function is achieved by setting the
target fuel injection timing TQsta in this way.

Since the fuel injection is executed earlier when the engine
speed during injection is high, i.e. when reduction rates of the
pressure and the temperature in the combustion chamber 11a
are high, the pressure and the temperature in the combustion
chamber 11a are prevented from becoming excessively low in
a state where a large amount of the fuel is left uncombusted.
This prevents much of the injected fuel from being left
uncombusted without depending on the cetane number of the
fuel and prevents the output torque (specifically, engine speed
fluctuation amount ZANE) of the diesel engine 10 from
becoming excessively small.

In addition, since the fuel injection is executed at a delayed
timing when the engine speed during injection is low, i.e.
when the reduction rates of the pressure and the temperature
in the combustion chamber 114 are low, the injected fuel is
prevented from being combusted in a state where the pressure
and the temperature in the combustion chamber 11a are
higher than necessary. This prevents all the injected fuel from
being combusted without depending on the cetane number of
the fuel and prevents the output torque (specifically, engine
speed fluctuation amount ZANE) of the diesel engine 10 from
becoming excessively large.

Asjustdescribed, in the estimation control according to the
present embodiment, the execution timing of the fuel injec-
tion (target fuel injection timing TQsta) can be set in accor-
dance with the engine speed NE so that the fuel injection is
executed in execution ranges where the output torque of the
diesel engine 10 is unlikely to reach the upper or lower limit.
Since this causes the engine speed fluctuation amount ZANE
to change in a relatively wide range in accordance with the
cetane number of the fuel, the cetane number of the fuel can
be accurately estimated based on this engine speed fluctua-
tion amount XANE.

Even if the same amount of fuel is injected at the same
execution timing, the lower the maximum value of the tem-
perature (peak temperature) and the maximum value of the
pressure (peak pressure) in the combustion chamber 11a of
the diesel engine 10, the shorter the duration of a high-tem-
perature, high-pressure state in the combustion chamber 11a
becomes. Thus, the output torque of the diesel engine 10
generated with the fuel injection becomes smaller. Since the
cetane number of the fuel is estimated based on the index
value (specifically, engine speed fluctuation amount ZANE)
of the output torque of the diesel engine 10 in the estimation
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control of the present embodiment, a difference of such out-
put torque contributes to reduction in cetane number estima-
tion accuracy.

Thus, in the present embodiment, the coolant temperature
THW and the supercharging pressure PA are used as setting
parameters used in setting the target fuel injection timing
TQsta in addition to the above engine speed NE. Specifically,
the coolant temperature THW is used as a value that is an
index of the peak value of the temperature in the combustion
chamber 11a of the diesel engine 10 and the supercharging
pressure PA is used as avaluethat is an index of the peak value
of the pressure in the combustion chamber 11a. The target
fuel injection timing TQsta is set at an advanced timing,
assuming that the lower the coolant temperature PA, the lower
the peak pressure of the combustion chamber 11a and the
lower the supercharging pressure PA, the lower the peak
pressure of the combustion chamber 11a.

By setting the target fuel injection timing TQsta according
to the coolant temperature THW and the supercharging pres-
sure PA in this way, the lower the peak temperature and the
peak pressure in the combustion chamber 11a of the diesel
engine 10, i.e. the smaller the output torque of the diesel
engine 10 generated when the same amount of fuel is injected
at the same injection timing, the earlier the fuel injection is
executed to increase this output torque. Thus, even if the peak
temperature and the peak pressure in the combustion chamber
11a in the execution of the fuel injection differ, a change in the
output torque of the diesel engine 10 due to this difference is
suppressed. Therefore, the cetane number of the fuel can be
accurately estimated based on the index value (engine speed
fluctuation amount ZANE) of this output torque.

Since the needle valve 22 moves to close the injection hole
23 (FIG. 2), through which the fuel is being injected, during
the valve closing action of the fuel injector 20, the fuel pass-
ing through the clearance between the housing 21 and the
needle valve 22 acts to block the movement of this needle
valve 22 toward the injection hole 23. Thus, the higher the
kinetic viscosity of the fuel, the slower the moving speed of
the needle valve 22, i.e. the valve closing speed of the fuel
injector 20. Thus, even if the operation of the fuel injector 20
is controlled in a predetermined mode to inject a given
amount of fuel, the amount of the fuel actually injected differs
depending on the kinetic viscosity of the fuel. Errors in the
actual fuel injection amount due to such a variation of the
kinetic viscosity of the fuel contribute to reduction in cetane
number estimation accuracy in the estimation control.

Thus, in the present embodiment, a target fuel injection
amount (specifically, target fuel injection timing TQsta and
target fuel injection time TQtma) in the estimation control is
corrected by the respective correction terms K1 to K3 calcu-
lated in the correction process described above.

In the device of the present embodiment, if the moving
speed of the fuel injector 20 (specifically, the needle valve 22
thereof) changes due to a variation in the kinetic viscosity of
the fuel, such a change appears as a change of a fluctuating
waveform (specifically, the above detection temporal wave-
form) of the fuel pressure inside the fuel injector 20 at the
execution of the fuel injection. In the device of the present
embodiment, the correction terms K1 to K3 for causing the
detection temporal waveform to match the basic temporal
waveform based on such a difference between the detection
temporal waveform and the basic temporal waveform are
calculated through the above correction process. In executing
the estimation control, the target fuel injection timing TQsta
and the target fuel injection time TQtma are corrected by
these correction terms K1 to K3. Thus, although the moving
speed of the fuel injector 20 changes due to a variation in the
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kinetic viscosity of the fuel, the deviation between the actual
operation characteristic (detection temporal waveform) of the
fuel injector 20 and the basic operation characteristic (basic
temporal waveform) is suppressed. Therefore, an injection
amount error due to a variation in the kinetic viscosity of the
fuel is suppressed.

Further, in the present embodiment, the fuel sensor 41,
which functions as a pressure sensor, is integrally attached to
the fuel injector 20. Thus, as compared with a device in which
a fuel pressure is detected by a sensor provided at a position
distant from the fuel injector 20, a fuel pressure at a position
close to the injection hole 23 of the fuel injector 20 can be
detected. Thus, the fluctuating waveform of the fuel pressure
inside the fuel injector 20 associated with opening and clos-
ing actions can be accurately detected. Therefore, the fluctu-
ating waveform of the fuel pressure matching the kinetic
viscosity of the fuel at each successive point in time can be
detected by the fuel sensor 41 and the target fuel injection
amount can be properly corrected based on this fluctuating
waveform.

Further, the speed of a fluctuation wave propagating when
the fuel pressure varies becomes faster as the bulk modulus of
elasticity of the fuel increases. Thus, when the fluctuating
state of the fuel pressure inside the fuel injector 20 is detected
by the fuel sensor 41, time (above detection delay) until the
fluctuation wave of the fuel pressure associated with the valve
opening or closing action of this fuel injector 20 reaches the
position of the fuel sensor 41 changes depending on the bulk
modulus of elasticity of the fuel. Accordingly, if the detection
temporal waveform is detected based on the fluctuating state
of'the fuel pressure PQ detected by the fuel sensor 41, even if
a fixed amount of fuel is injected from the fuel injector 20, this
detection temporal waveform becomes a different waveform
depending on the bulk modulus of elasticity of the fuel. Thus,
even if the target fuel injection timing TQsta and the target
fuel injection time TQtma are corrected by the correction
terms K1 to K3 calculated based on such a detection temporal
waveform, the amount of the fuel actually injected differs
depending on the bulk modulus of elasticity of the fuel. Errors
of the actual fuel injection amount due to such a variation in
the bulk modulus of elasticity of the fuel also contribute to
reduction in cetane number estimation accuracy in the esti-
mation control similarly to the error caused by the kinetic
viscosity of the fuel.

Thus, in the present embodiment, the fuel temperature
THQ is detected by the fuel sensor 41 immediately before the
start of the execution of the fuel injection in the estimation
control. Also, a correction term K4 is calculated based on the
detected fuel temperature THQ, and the target fuel injection
amount (specifically, target fuel injection time TQtma) is
corrected by this correction term K4.

Since the bulk modulus of elasticity of the fuel changes
according to the fuel temperature, an error of the actual fuel
injection amount due to such a variation of the bulk modulus
of'elasticity ofthe fuel can be accurately grasped from the fuel
temperature. In the present embodiment, the target fuel injec-
tion time TQtma is corrected based on such a fuel tempera-
ture. Thus, although the relationship between the fluctuating
waveform of the actual fuel pressure and the fluctuating
waveform of the fuel pressure PQ detected by the fuel sensor
41 becomes different due to a variation in the bulk modulus of
elasticity of the fuel, an error of the actual injection amount
associated with that difference is suppressed.

Further, in the present embodiment, the fuel temperature
THQ immediately before the start of the execution of the fuel
injection in the estimation control, i.e. the fuel temperature
THQ detected at timing approximate to the actual fuel injec-
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tion timing can be used for the correction of the target fuel
injection amount. Thus, the target fuel injection amount can
be accurately corrected in accordance with the bulk modulus
of elasticity of the fuel to be actually injected.

Furthermore, in the present embodiment, the fuel sensor
41, which functions as a temperature sensor, is integrally
attached to the fuel injector 20. Thus, as compared with a
configuration in which a fuel temperature is detected by a
sensor provided at a position (fuel tank 32 or the like) distant
from the fuel injector 20, a temperature approximate to the
temperature of the actually injected fuel can be detected and
used for the correction of the target fuel injection amount in
the estimation control. Therefore, the target fuel injection
amount can be accurately corrected in accordance with the
bulk modulus of elasticity of the fuel to be actually injected.

In the present embodiment, the injection amount error due
to a difference in the kinetic viscosity of the fuel is corrected
by the respective correction terms K1 to K3 calculated based
on the fluctuating waveform of the fuel pressure PQ and the
injection amount error due to a difference in the bulk modulus
of elasticity of the fuel is corrected by the correction term K4
calculated based on the fuel temperature THQ. In this way,
these injection amount errors are separately corrected. Thus,
the injection amount difference caused by the kinetic viscos-
ity ofthe fuel and that caused by the bulk modulus of elasticity
of the fuel are both properly corrected. Therefore, an accu-
rately adjusted amount of fuel can be injected from the fuel
injector 20 and the cetane number of the fuel can be accu-
rately estimated based on the index value of the output torque
of the diesel engine 10 obtained as a result of that.

If the injection amount error due to a difference in the
kinetic viscosity of the fuel and the injection amount error due
to a difference in the bulk modulus of elasticity of the fuel can
be precisely corrected by the same correction values calcu-
lated based on common calculation parameters such as fuel
temperature, it is preferable since a control structure can be
simplified by this.

However, as a result of various experiments by the inven-
tors to measure the cetane number, the kinetic viscosity and
the bulk modulus of elasticity of fuel, it has been found out
that there is no correlation between the kinetic viscosity and
the bulk modulus of elasticity of the fuel. Thus, even if an
error caused by the kinetic viscosity of the fuel and an error
caused by the bulk modulus of elasticity are corrected based
on common parameters, one error can be compensated, but
the other error cannot be precisely compensated. Therefore,
this contributes to prevent an improvement of accuracy in
estimating a cetane number of fuel. In addition, it is also
conceivable that a decrease in the injection amount error
caused by one of the kinetic viscosity and the bulk modulus of
elasticity of fuel becomes smaller than an increase in the
injection amount error caused by the other. In this case, accu-
racy in estimating a cetane number of fuel is rather reduced.
Because of'this, to properly correct both an injection amount
error due to a variation in the kinetic viscosity of fuel and that
due to a variation in the bulk modulus of elasticity, it is
considered to be necessary to correct these error factors using
different correction parameters.

In this respect, in the device of the present embodiment, an
injection amount error due to a variation in the kinetic vis-
cosity of fuel is corrected based on the fluctuating waveform
of the fuel pressure PQ and an injection amount error due to
a variation in the bulk modulus of elasticity of fuel is cor-
rected based on the fuel temperature THQ. In this way, the
respective injection amount errors are corrected using differ-
ent correction parameter. Thus, these injection amount errors
can be both properly corrected.
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Even if fuels having the same cetane number are com-
busted by the same amount, the amounts of heat generated
may not be necessarily the same and the amount of generated
heat may vary ifthe fuels were produced at different times and
different sites. Such a variation in the amount of heat gener-
ated by fuel causes a variation in the output torque of the
diesel engine 10 when the same amount of fuel is injected and
supplied to the diesel engine 10 to be combusted. Thus, even
if the cetane number of the fuel is estimated based on the
index value (specifically, engine speed fluctuation amount
ZANE) of the output torque of the diesel engine 10 generated
with the execution of the injection of a predetermined amount
of fuel, whether a change in the engine speed fluctuation
amount ZANE is caused by a difference in the cetane number
or by a difference in the amount of generated heat cannot be
distinguished and that estimation cannot be accurately
executed.

Further, it has been found out from results of various
experiments conducted by the inventors that the amount of
generated heat of fuel is not correlated to the kinetic viscosity
or the bulk modulus of elasticity of the fuel. Thus, to properly
correct an injection amount error due to a variation in the
amount of generated heat in the present embodiment, it is
considered to be necessary to execute that correction using a
correction parameter different from the kinetic viscosity and
the bulk modulus of elasticity.

FIGS. 10(a) and 10(b) show relationships of the engine
speed fluctuation amount ZANE, the engine speed during
injection and the fuel injection timing when the same amount
of fuel having the same cetane number is injected. FIG. 10(a)
shows the above relationship when fuel having a large amount
of generated heat was used and FIG. 10(5) shows the above
relationship when fuel having a small amount of generated
heat was used.

As is clear from FIGS. 10(a) and 10(5), the upper limit of
the output torque (specifically, engine speed fluctuation
amount ZANE as an index value thereof) of the diesel engine
10 is higher when the fuel having a large amount of generated
heat was used (value indicated by W1 in FIG. 10(a)) than
when the fuel having a small amount of generated heat was
used (value indicated by W2 in FIG. 10(5)) if the same
amount of fuel having the same cetane number is injected.
Further, in this case, the upper limit of the engine speed
fluctuation amount 2ANE is higher when the fuel having a
large amount of generated heat is used.

In view of this point, in the present embodiment, an index
value of an amount of heat generated by the combustion of
fuel is detected and the cetane number is estimated based on
this index value. Thus, when a predetermined amount of fuel
is injected to estimate the cetane number of the fuel, output
torque of a diesel engine generated with that fuel injection
changes due to a variation of the amount of generated heat of
the fuel, but the cetane number can be estimated by taking into
consideration influences brought about by that change.
Therefore, a cetane number estimation error due to a variation
of'the amount of generated heat of the fuel can be suppressed,
and the cetane number of the fuel can be accurately estimated.

An execution procedure of a control for detecting an
amount of generated heat of fuel (detection control) will be
specifically described below.

First, fuel injection for the detection of an amount of gen-
erated heat of fuel is executed separately from fuel injection
for the estimation of a cetane number of the fuel (fuel injec-
tion in the aforementioned estimation control). The fuel injec-
tion in this detection control is executed prior to the fuel
injection in the estimation control. In the detection control, an
index value (specifically, engine speed fluctuation amount
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ZANE) of output torque of the diesel engine 10 generated
with the execution of the fuel injection is calculated and the
engine speed fluctuation amount 2ANE is stored as an index
value of the above amount of generated heat in the electronic
control unit 40.

The predetermined amount, i.e. the same amount as the
fuel injection amount in the estimation control is set as a fuel
injection amount in the detection control. Thus, the detection
of the index value of the amount of generated heat in the
detection control and the calculation of the index value of the
output torque in the estimation control can be executed based
on the engine speed fluctuation amount 2ANE obtained as a
result of combusting the same amount of the fuel. Therefore,
the index value of the amount of generated heat detected in the
detection control can be easily used for the estimation of the
cetane number in the estimation control.

Further, timing at which uncombusted fuel is as little as
possible is set as execution timing (target injection timing
TQstb, which will be discussed below) of the fuel injection in
the detection control. FIG. 11 shows a relationship of the
cetane number of the fuel, the engine speed fluctuation
amount ZANE and the fuel injection timing under state of the
same fuel injection amount and engine speed during injec-
tion. As shown in FIG. 11, in an engine operation region
where the engine speed during injection is low and the fuel
injection timing is an advanced timing, there is a range (range
indicated by an arrow R in FIG. 11) where the engine speed
fluctuation amount XANE hardly changes even if the cetane
number of the fuel changes. This is thought to be because this
engine operation region is a region where the fuel is exposed
to a high-temperature, high-pressure environment for a long
time in the cylinder 11 of the diesel engine 10, and a very
small amount of the fuel is left uncombusted. Since a detec-
tion error caused by the uncombusted fuel becomes very
small by executing the fuel injection at such timing in the
detection control of the present embodiment, the index value
of the output torque of the diesel engine 10 generated when
the predetermined amount of the fuel is combusted and, con-
sequently, the index value of the amount of generated heat can
be accurately detected. Timing at which the fuel is actually
ignited at a compression top dead center (in the present
embodiment, BTDC10° CA to 5° CA)is specifically set as the
target injection timing TQstb in the detection control.

In the detection control of the present embodiment, by
executing the fuel injection based on such fuel injection
amount and target injection timing TQstb, a value matching
the tendency that the higher the amount of generated heat of
the fuel used, the larger the output torque of the diesel engine
10 when the predetermined amount of the fuel is combusted is
detected as the index value of the amount of generated heat.

Further, in the fuel injection in the detection control, the
coolant temperature THW, the supercharging pressure PA
and the respective correction terms K1 to K4 are used as
setting parameters of the target injection amount (specifically,
target injection timing TQstb and target injection time
TQtmb) similarly to the fuel injection in the estimation con-
trol. Specifically, an injection amount difference caused by a
variation of the peak temperature in the combustion chamber
11a of the diesel engine 10 is suppressed by setting the target
injection timing TQstb based on the coolant temperature
THW. Further, an injection amount difference caused by a
variation of the peak pressure in the combustion chamber 11a
of the diesel engine 10 is suppressed by setting the target
injection timing TQstb based on the supercharging pressure
PA. Furthermore, an injection amount error caused by a varia-
tion of the kinetic viscosity of the fuel is suppressed by
correcting the target injection timing TQstb and the target
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injection time TQtmb by the respective correction terms K1
to K3. Further, an injection amount error caused by a variation
of the bulk modulus of elasticity of the fuel is suppressed by
correcting the target injection time TQtmb by the correction
term K4.

Execution procedures of a process relating to the detection
control (detection control process) and a process relating to
the estimation control (estimation control process) are
described in detail below.

The execution procedure of the detection control process
will first be described in detail with reference to FIG. 12.

FIG. 12 is a flowchart showing a specific execution proce-
dure of the above detection control process. A series of pro-
cessings shown in this flowchart conceptually show the
execution procedure of the detection control process and
actual processings are performed as interrupt processing in
each predetermined cycle by the electronic control unit 40.

As shown in FIG. 12, in this process, whether or not an
execution condition holds is first determined (step S201). The
execution condition is determined to hold when all of the
following [Condition A] to [Condition D] are satisfied.

[Condition A] A control is being executed that temporarily
stops fuel injection for the operation of the diesel engine 10
during deceleration of the running speed of the vehicle 1 and
the engine speed NE caused by cancelling operation of the
accelerator operating member (fuel cutoff control).

[Condition B] The clutch mechanism 2 is in an operating
state to disconnect the crankshaft 14 from the manual trans-
mission 3. Specifically, the clutch operating member is oper-
ated.

[Condition C] There is no history of completing the detec-
tion of the amount of generated heat of the fuel after it is
determined that the fuel has been supplied to the fuel tank 32.
Itis determined that the fuel has been supplied to the fuel tank
32 when a fuel reserve amount detected by the reserve amount
sensor 45 has increased to or above a predetermined determi-
nation amount. In this process, the detection of the amount of
generated heat of the fuel is executed only once each time the
fuel is supplied since this [Condition C] is set.

[Condition D] The fuel in a fuel path (specifically, the path
formed by the branch passage 31a, the supply passage 315,
the common rail 34 and the return passage 35) connecting the
fuel tank 32 and the fuel injector 20 is replaced by fuel newly
supplied from the fuel tank 32 after it is determined that the
fuel has been supplied to the fuel tank 32.

That the above [Condition D] is satisfied is specifically
determined as follows. That is, each time the fuel is injected
from each fuel injector 20 after it is determined that the fuel
has been supplied to the fuel tank 32, the amount of the fuel
leaking into the return passage 35 from the interior of the fuel
injector 20 is estimated based on the above detection temporal
waveform (see FIGS. 5 and 6) and the characteristic of the
fuel injector 20, and an integrated value of the estimated
amount is calculated. Ifthis integrated value becomes equal to
or more than the predetermined determination amount, it is
determined that the [Condition D] is satisfied. In the present
embodiment, the replacement of the fuel in the return passage
35 by the fuel newly supplied to the fuel tank 32 after the fuel
supply is detected based on the amount of the fuel leaking into
the return passage 35 from the interior of the fuel injector 20
and the replacement of the fuel in the above fuel path is
detected with this detection.

The above [Condition D] is set for the following reason.
There is a possibility that the amount of generated heat and
the cetane number of the fuel supplied to the diesel engine 10
largely change when the fuel is supplied to the fuel tank 32.
Thus, in efficiently detecting the amount of generated heat of
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the fuel at an appropriate timing prior to the estimation of the
cetane number of the fuel, it is considered to be effective to
execute the detection when the fuel is supplied to the fuel tank
32. However, since the fuel before the fuel supply remains in
the above fuel path immediately after the fuel is supplied to
the fuel tank 32, a value matching the fuel after the fuel supply
cannot be detected as the amount of generated heat even if the
aforementioned fuel injection is executed to detect the
amount of generated heat of the fuel at this time. In this
respect, since the [Condition D] is set in the present embodi-
ment, the fuel injection for the detection of the amount of
generated heat is executed after waiting until the fuel in the
above fuel path is replaced by the fuel after the fuel supply
when the fuel is supplied to the fuel tank 32. Therefore, the
fuel injection for the detection of the amount of generated
heat of the fuel can be executed at an appropriate timing and
the amount of generated heat can be accurately estimated
through this fuel injection.

Ifthe above execution condition does not hold (step S201:
NO), this process is temporarily suspended without perform-
ing the following processings, i.e. processings of detecting
the amount of generated heat of the fuel.

Thereafter, when this process is repeatedly performed and
the above execution condition holds (step S201: YES), the
target injection timing TQstb is set based on the engine speed
NE, the coolant temperature THW and the supercharging
pressure PA at this time (step S202). The higher the engine
speed NE, the more advanced the set target injection timing
TQstb becomes.

Further, the fuel temperature THQ is detected by the fuel
sensor 41 and the correction term K4 is calculated based on
this fuel temperature THQ (step S203). As just described, in
this process, the fuel temperature THQ is detected by the fuel
sensor 41 at timing immediately before the start of the execu-
tion of the fuel injection in the detection control (specifically,
at timing between the holding of the execution condition and
the execution of the fuel injection). Thus, the fuel temperature
THQ detected at timing approximate to timing at which the
fuel is actually injected in the detection control can be used
for the correction of the target injection amount, wherefore
the target injection amount can be accurately corrected in
accordance with the bulk modulus of elasticity of the fuel to
be actually injected. This detection of the fuel temperature
THQ is executed after the fuel sensor 41 is temporarily
switched to a state where it functions as a temperature sensor
by the input of a signal from the electronic control unit 40.

In the present embodiment, a relationship between the fuel
temperature THQ and the correction term K4 capable of
precisely suppressing the injection amount error due to a
variation of the bulk modulus of elasticity of fuel is obtained
in advance based on results of experimentation and simula-
tion and stored in the electronic control unit 40. In step S203,
the correction term K4 is set based on this relationship and the
fuel temperature THQ.

In the fuel injector 20 of the present embodiment, the
higher the fuel temperature, i.e. the higher the bulk modulus
of elasticity of the fuel, the more likely the area of the detec-
tion temporal waveform in the case of driving the fuel injector
20 in the same state becomes smaller. The following is
thought to be a cause of this. The higher the fuel temperature
and the higher the bulk modulus of elasticity of the fuel, the
faster the propagation speed of a pressure fluctuation wave
inside the fuel injector 20 becomes. Thus, the fluctuation
wave of the fuel pressure associated with the valve closing of
the fuel injector 20 reaches the position of the fuel sensor 41
earlier. Since this increases the increasing rate of the fuel
pressure PQ detected by the fuel sensor 41 in the process of
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closing the fuel injector 20, the area of the detection temporal
waveform becomes smaller by that much. In the present
embodiment, if the area of the detection temporal waveform
becomes smaller in such a way, the fuel injection amount
from the fuel injector 20 is corrected to increase in a fuel
injection control to compensate for an area reduction. Thus, in
step S203, a value for shortening the target injection time
TQtmb with an increase in the fuel temperature THQ is cal-
culated as the correction term K4 to suppress such a change in
the fuel injection amount.

Thereafter, the target injection amount (target injection
timing TQstb and target injection time TQtmb) is corrected
by the correction terms K1 to K3 calculated by the aforemen-
tioned correction process and the above correction term K4
(step S204). Specifically, the value obtained by adding the
correction term K1 to the target injection timing TQstb is set
as a new target injection timing TQstb, and the value obtained
by adding the correction terms K2, K3 and K4 to the target
injection time TQtmb is set as a new target injection time
TQtmb.

Then, the control of the fuel injector 20 is executed based
on the target injection timing TQstb and the target injection
time TQtmb to execute fuel injection of this fuel injector 20
(step S205). This fuel injection is executed using a predeter-
mined one of the plurality of fuel injectors 20 (in the present
embodiment, the fuel injector 20 mounted in the cylinder
11[#1]). Further, values calculated in correspondence with a
predetermined one of the fuel injectors 20 (in the present
embodiment, the fuel injector 20 mounted in the cylinder
11[#1]) are similarly used for the correction terms K1 to K3
used in this process.

Then, after the index value (the above engine speed fluc-
tuation amount ZANE) of the output torque of the diesel
engine 10 generated with the above fuel injection is calcu-
lated and this engine speed fluctuation amount ZANE is
stored as the index value of the amount of generated heat (step
S206), this process is temporarily suspended. The engine
speed fluctuation amount ZANE is specifically calculated as
follows. As shown in FIG. 13, in the device according to the
present embodiment, the engine speed NE is detected at pre-
determined time intervals and the difference ANE
(ANE=NE-NE:i) between this engine speed NE and an engine
speed NEi detected in the past (nth one counted from the
current one, third one in the present embodiment) is calcu-
lated each time that detection is made. Then, an integrated
value (value equivalent to an area shown by oblique lines in
FIG. 13) is calculated for the change of the above difference
ANE accompanying the execution of the above fuel injection.
The integrated value is stored as the above engine speed
fluctuation amount XANE. Changes in the engine speed NE
and the difference ANE shown in FIG. 13 slightly differ from
the actual changes since they are shown in a simplified man-
ner to make a calculation method of the engine speed fluc-
tuation amount ZANE easily understandable.

Next, the execution procedure of the above estimation con-
trol process will be described in detail.

FIG. 14 is a flowchart showing a specific execution proce-
dure of the above estimation control process. A series of
processings shown in this flowchart conceptually show the
execution procedure of the estimation control process and
actual processings are performed as interrupt processing in
each predetermined cycle by the electronic control unit 40.

As shown in FIG. 14, in this process, whether or not an
execution condition holds is first determined (step S301). The
execution condition is determined to hold when all of the
above conditions [Condition A] and [Condition B] and the
following [Condition E] are satisfied.
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[Condition E] There is a history of completing the detec-
tion of the amount of generated heat of the fuel in the above
detection control process after it is determined that the fuel
has been supplied to the fuel tank 32.

Ifthe above execution condition does not hold (step S301:
NO), this process is temporarily suspended without perform-
ing the following processings, i.e. processings of estimating
the cetane number of the fuel.

Thereafter, when this process is repeatedly performed and
the above execution condition holds (step S301: YES), the
target injection timing TQsta is set based on the engine speed
NE, the coolant temperature THW and the supercharging
pressure PA at this time (step S302).

Further, the fuel temperature THQ is detected by the fuel
sensor 41 and the correction term K4 is calculated based on
this fuel temperature THQ (step S303). As just described, in
this process, the fuel temperature THQ is detected by the fuel
sensor 41 at timing immediately before the start of the execu-
tion of the fuel injection in the estimation control (specifi-
cally, at timing between the holding of the execution condi-
tion and the execution of the fuel injection). In this processing
of step S303, a value for shortening the target injection time
TQtma with an increase in the fuel temperature THQ is cal-
culated as the correction term K4 to suppress a change of the
fuel injection amount due to a variation of the bulk modulus
of elasticity of the fuel.

Thereafter, the target fuel injection amount (target fuel
injection timing TQsta and target fuel injection time TQtma)
is corrected by the correction terms K1 to K3 calculated by
the aforementioned correction process and the above correc-
tion term K4 (step S304). Specifically, the value obtained by
adding the correction term K1 to the target fuel injection
timing TQsta is set as a new target fuel injection timing TQsta
and the value obtained by adding the correction terms K2, K3
and K4 to the target fuel injection time TQtma is set as a new
target fuel injection time TQtma.

Then, the control of the fuel injector 20 is executed based
on the target fuel injection timing TQsta and the target fuel
injection time TQtma to execute fuel injection from this fuel
injector 20 (step S305). This fuel injection is executed using
apredetermined one of the plurality of fuel injectors 20 (in the
present embodiment, the fuel injector 20 mounted in the
cylinder 11[#1]). Further, values calculated in correspon-
dence with a predetermined one of'the fuel injectors 20 (in the
present embodiment, the fuel injector 20 mounted in the
cylinder 11[#1]) are similarly used for the correction terms
K1 to K3 used in this process.

Thereafter, the index value (above engine speed fluctuation
amount ZANE) of the output torque of the diesel engine 10
generated with the above fuel injection is calculated (step
S306).

Then, an estimated value of the cetane number of the fuel
(estimated cetane number) is calculated based on the engine
speed fluctuation amount ZANE, the engine speed during
injection and the index value of the amount of generated heat
detected in the detection control process (step S307). In the
present embodiment, a relationship of the estimated cetane
number, the engine speed fluctuation amount 2ANE and the
engine speed during injection capable of accurately estimat-
ing the cetane number of fuel when the estimation control
process is performed using fuel having a predetermined
amount of generated heat (relationship as shown in FIG. 8) is
obtained in advance based on results of experimentation and
simulation and stored in the electronic control unit 40. In step
S307, the above relationship (estimation map) is corrected
based on the difference between the actual amount of gener-
ated heat grasped from the above index value of the amount of
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generated heat and a predetermined amount of generated
heat. Then, the estimated cetane number is calculated from
the corrected estimation map based on the engine speed fluc-
tuation amount 2ANE and the engine speed during injection.

After the estimated cetane number is calculated in this way,
this process is temporarily suspended.

In the device according to the present embodiment, various
processes are performed based on an output signal of the fuel
sensor 41 corresponding to each of the cylinders 11 (#1 to #4)
of the diesel engine 10 such as the execution of various
processes (process relating to the fuel injection control and
correction process) for the fuel injection for the cylinder 11
[#1] based on a detection signal of the fuel sensor 41 provided
in the cylinder 11 [#1] of the diesel engine 10. Thus, in the
multi-cylinder diesel engine 10, in which the operation char-
acteristic of the fuel injector 20 differs among the respective
cylinders 11 due to the initial individual difference and
changes over time, the amount of the fuel injected from each
fuel injector 20 can be accurately adjusted based on the fuel
pressure PQ detected by the dedicated fuel sensor 41 provided
in each cylinder 11.

In addition, using one of these fuel injectors 20 (in the
present embodiment, fuel injector 20 corresponding to the
cylinder 11 [#1]), the fuel injection in the detection control
and that in the estimation control are executed based on the
correction terms K1 to K3 calculated in the fuel injection
control of this fuel injector 20. Since the amount of the fuel to
be actually injected in the detection control and the estimation
control are accurately adjusted in this way, the cetane number
of the fuel can be accurately estimated based on the output
torque of the diesel engine 10 generated with that fuel injec-
tion.

As described above, the following advantages are achieved
according to the present embodiment.

(1) The index value of the amount of generated heat asso-
ciated with fuel combustion is detected and the cetane number
is estimated based on this index value. Thus, an estimation
error of the cetane number due to a variation of the amount of
generated heat of the fuel is suppressed, and the cetane num-
ber of the fuel is accurately estimated.

(2) The predetermined amount of the fuel is injected in the
detection control process, the index value (engine speed fluc-
tuation amount ZANE) of the output torque of the diesel
engine 10 generated with the execution of this fuel injection is
calculated and this engine speed fluctuation amount ZANE is
detected as an index value of the amount of generated heat.
Thus, a value matching a tendency that the higher the amount
of generated heat of fuel used, the larger the output torque of
the diesel engine 10 in the case of combusting a predeter-
mined amount of fuel is detected as an index value of the
amount of generated heat.

(3) The target injection amount for the fuel injection in the
detection control is corrected based on the fluctuating wave-
form of the fuel pressure PQ detected by the fuel sensor 41.
Thus, although the moving speed of the fuel injector 20
changes due to a variation of the bulk modulus of elasticity of
the fuel, the deviation between the actual operation charac-
teristic of the fuel injector 20 and the basic operation charac-
teristic is suppressed, and an injection amount error due to a
variation of the kinetic viscosity of the fuel is suppressed.
Therefore, an accurately adjusted amount of the fuel is
injected from the fuel injector 20, and the amount of gener-
ated heat of the fuel is accurately detected based on the index
value of the output torque of the diesel engine 10 obtained as
a result of that.

(4) The target injection timing TQstb and the target injec-
tion time TQtmb are corrected by the correction terms K1 to
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K3 calculated based on the difference between the detection
temporal waveform and the basic temporal waveform. Thus,
although the moving speed of the fuel injector 20 changes due
to a variation of the kinetic viscosity of the fuel, the deviation
between the actual operation characteristic of the fuel injector
20 and the basic operation characteristic is suppressed and an
injection amount error due to a variation of the kinetic vis-
cosity of the fuel is suppressed.

(5) The target injection amount for the fuel injection in the
detection control is corrected based on the fuel temperature
THQ detected by the fuel sensor 41. Thus, although the rela-
tionship between the fluctuating waveform of the actual fuel
pressure and the fluctuating waveform of the fuel pressure PQ
detected by the fuel sensor 41 differs due to a variation of the
bulk modulus of elasticity of the fuel, an error of the actual
fuel injection amount associated with that difference is sup-
pressed. Therefore, an accurately adjusted amount of the fuel
is injected from the fuel injector 20, and the amount of gen-
erated heat of the fuel is accurately detected based on the
index value of the output torque of the diesel engine 10
obtained as a result of that.

(6) The fuel temperature THQ is detected immediately
before the start of the execution of the fuel injection in the
detection control and the target injection amount in the detec-
tion control is corrected based on the detected fuel tempera-
ture THQ. Thus, the target injection amount is accurately
corrected in accordance with the bulk modulus of elasticity of
the fuel to be actually injected.

(7) The target fuel injection amount for the fuel injection in
the estimation control is corrected based on the fluctuating
waveform of the fuel pressure PQ detected by the fuel sensor
41. Thus, an accurately adjusted amount of the fuel is injected
from the fuel injector 20 and the cetane number of the fuel is
accurately estimated based on the index value of the output
torque of the diesel engine 10 obtained as a result of that.

(8) The target fuel injection amount in the estimation con-
trol is corrected based on the fuel temperature THQ detected
by the fuel sensor 41. Thus, an accurately adjusted amount of
the fuel is injected from the fuel injector 20 and the cetane
number of the fuel is accurately estimated based on the index
value of the output torque of the diesel engine 10 obtained as
a result of that.

(9) The target fuel injection timing TQsta and the target
fuel injection time TQtma are corrected by the correction
terms K1 to K3 calculated based on the difference between
the detection temporal waveform and the basic temporal
waveform. Thus, an injection amount error in the estimation
control due to a variation of the kinetic viscosity of the fuel is
suppressed.

(10) The fuel temperature THQ is detected immediately
before the start of the execution of the fuel injection in the
estimation control and the target fuel injection amount in the
estimation control is corrected based on the detected fuel
temperature THQ. Thus, the target fuel injection amount is
accurately corrected in accordance with the bulk modulus of
elasticity of the fuel to be actually injected.

(11) Since the fuel sensors 41, which function as pressure
sensors, are each integrally attached to a fuel injector 20, a
fluctuating waveform matching the kinetic viscosity of the
fuel at each successive point in time is detected by each fuel
sensor 41, and the target fuel injection amount in the detection
control and that in the estimation control is properly corrected
based on this fluctuating waveform.

The above embodiment may be modified as follows.

The configuration for setting the target fuel injection tim-
ing TQsta (or target injection timing TQstb) based on the
coolant temperature THW and the configuration for setting
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the target fuel injection timing TQsta (or target injection
timing TQstb) based on the supercharging pressure PA may
be omitted. In this case, the coolant temperature THW and the
supercharging pressure PA may be added as parameters used
in the detection of the index value of the amount of generated
heat (or in the calculation of the estimated cetane number)
such as by correcting the engine speed fluctuation amount
ZANE based on the coolant temperature THW or by correct-
ing the engine speed fluctuation amount ZANE based on the
supercharging pressure PA. Also by such a configuration, the
amount of generated heat is detected (or the estimated cetane
number is calculated) in accordance with the peak tempera-
ture and the peak pressure in the combustion chamber 11a at
the execution of the fuel injection and the cetane number of
the fuel is accurately estimated.

If a region where the output torque of the diesel engine 10
reaches neither the upper limit nor the lower limit is suffi-
ciently wide, the configuration for variably setting the target
fuel injection timing TQsta according to the engine speed NE
may be omitted.

The estimated cetane number is calculated based on the
engine speed fluctuation amount ZANE and the index value of
the amount of generated heat without using the engine speed
during injection as a calculation parameter. Specifically,
when the engine speed NE is predetermined, the fuel injection
for estimating the cetane number of the fuel may be executed
and the estimated cetane number may be calculated based on
the engine speed fluctuation amount ZANE calculated at this
time.

In calculating the estimated cetane number, a plurality of
operation maps defining different relationships depending on
the index value of the amount of generated heat may be
prepared instead of correcting the estimation map based on
the index value of the amount of generated heat, and the
estimated cetane number may be calculated from the relation-
ship stored in the selected operation map based on the
detected index value of the amount of generated heat.

In the above embodiment, in the estimation control pro-
cess, the estimation map is corrected based on the index value
of the amount of generated heat and the estimated cetane
number is calculated from the corrected estimation map
based on the index value (engine speed fluctuation amount
2ZANE) of the output torque. Instead of this, the engine speed
fluctuation amount 2ANE may be corrected based on the
index value of the amount of generated heat and the estimated
cetane number may be calculated from the estimation map
based on the corrected engine speed fluctuation amount
ZANE. Further, the target fuel injection amount in the esti-
mation control process may be corrected based on the index
value of the amount of generated heat and the estimated
cetane number may be calculated from the estimation map
based on the engine speed fluctuation amount ZANE obtained
as a result of the fuel injection based on the corrected target
fuel injection amount. Since the cetane number is estimated
based on the index value of the amount of generated heat of
the fuel also by such a configuration, a cetane number esti-
mation error due to a variation of the amount of generated heat
of the fuel is suppressed.

The process for detecting the index value of the amount of
generated heat of the fuel in the detection control may be
executed prior to the process for calculating the engine speed
fluctuation amount ZANE in the estimation control. Also by
such a configuration, the estimated cetane number is calcu-
lated based on the index value ofthe amount of generated heat
and the engine speed fluctuation amount ZANE.

The calculation of the estimated cetane number based on
the index value (engine speed fluctuation amount 2ANE) of

15

20

25

40

45

65

26

the output torque of the diesel engine 10 may be executed in
accordance with an arithmetic expression instead of calculat-
ing in accordance with the estimation map. In short, it is
sufficient to store a relationship between the estimated cetane
number and the engine speed fluctuation amount ZANE in the
electronic control unit 40 in advance and calculate the esti-
mated cetane number from this relationship.

Detection timing of the fuel temperature THQ as a calcu-
lation parameter of the correction term K4 is not limited to
timing immediately before the execution of the fuel injection
in the detection control (or estimation control) and may be
changed to an arbitrary timing. In short, it is sufficient if the
temperature of the fuel to be injected can be accurately
grasped prior to the execution of the fuel injection in the
detection control (or estimation control). Specifically, the fuel
temperature THQ detected in executing another engine con-
trol such as a fuel injection control can be used as the calcu-
lation parameter of the correction term K4.

The process for calculating the correction term K4 and the
process for correcting the target fuel injection time TQtma
and the target injection time TQtmb based on this correction
term K4 may also be omitted.

The cetane number estimation device according to the
embodiment can also be applied to a device in which only the
correction terms K1, K2 are calculated without the correction
term K3 being calculated in the fuel injection control.

In the embodiment, the target injection amount in the
detection control and the target fuel injection amount in the
estimation control are corrected by the respective correction
terms K1 to K3 calculated in the fuel injection control.
Instead of this, fuel injection dedicated for the calculation of
correction terms for correcting the target injection amount in
the detection control and the target fuel injection amount in
the estimation control may be executed and the correction
terms may be calculated based on a difference between the
actual operation characteristic (detection temporal wave-
form) of the fuel injector 20 and a predetermined basic opera-
tion characteristic (basic temporal waveform) at the execu-
tion of this fuel injection.

Specifically, the correction terms can be calculated based
on a difference between a completion timing of a valve clos-
ing action in the actual operation characteristic of the fuel
injector 20 and that of a valve closing action of the fuel
injector 20 in the basic operation characteristic. As described
above, the higher the kinetic viscosity of the fuel, the slower
the valve closing speed of the fuel injector 20 becomes. Thus,
when the valve closing action of the fuel injector 20 changes
due to a variation of the kinetic viscosity of the fuel, such a
change appears as a difference in the completion timing ofthe
valve closing action between the actual operation character-
istic of the fuel injector 20 and the basic operation character-
istic. In this respect, according to the above configuration, the
correction terms for correcting the target injection amount in
the detection control process and the target fuel injection
amount in the estimation control process can be calculated
using such a difference in the completion timing of the valve
closing action as an index value of the kinetic viscosity of the
fuel. Thus, an injection amount error due to a variation of the
kinetic viscosity of the fuel is suppressed based on these
correction values. In addition, values equivalent to the above
correction terms K1 to K3 are also calculated as the above
correction terms. In short, any values capable of properly
suppressing the deviation between the actual operation char-
acteristic of the fuel injector 20 and the basic operation char-
acteristic can be used as the above correction terms.

The cetane number estimation device according to the
above embodiment can be applied not only to the vehicle 1, in
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which the clutch mechanism 2 and the manual transmission 3
are installed, but also a vehicle in which a torque converter
and an automatic transmission are installed. In this case, fuel
injection for detecting an amount of generated heat of fuel and
fuel injection for estimating a cetane number may be executed
on the condition that a fuel cutoff control is in execution.

A value other than the engine speed fluctuation amount
ZANE may be calculated as the index value of the output
torque of the diesel engine 10. For example, the engine speed
NE when fuel injection is executed (engine speed during
injection) and the engine speed NE when the fuel injection is
not executed may be respectively detected during the execu-
tion of the detection control or the estimation control. In this
case, the difference between these speeds is calculated and
the difference is used as the above index value.

A value other than the engine speed fluctuation amount
ZANE may be calculated as the index value of the amount of
generated heat. For example, the peak temperature and the
peak pressure in each cylinder 11 of the diesel engine 10 when
the predetermined amount of fuel is injected may be detected
and these may be stored as index values in the electronic
control unit 40.

The fuel injection amount in the detection control and that
in the estimation control may be set at different amounts.

Instead of using the coolant temperature THW, a value that
is an index of the peak temperature in the combustion cham-
bers 11a and is other than the coolant temperature THW such
as the temperature of the diesel engine 10 (specifically, the
cylinder head or the cylinder block thereof) or the tempera-
ture of intake air may be used as a setting parameter of the
target fuel injection timing TQsta and the target injection
timing TQstb. Further, it is also possible to directly detect the
temperature in each combustion chamber 11a and use this as
the above setting parameter.

Instead of using the supercharging pressure PA, a value that
is an index of the peak pressure in the combustion chamber
11a and is other than the supercharging pressure PA such as
the pressure of intake air or atmospheric pressure can be used
as a setting parameter of the target fuel injection timing TQsta
and the target injection timing TQstb. Further, it is also pos-
sible to directly detect a pressure in the combustion chamber
11a and use this as the above setting parameter. Such a con-
figuration can also be applied to a diesel engine in which the
supercharger 16 is not provided. Since a peak pressure in the
combustion chamber 11a slightly differs depending on oper-
ating state and operating environment of the diesel engine
even if the supercharger 16 is not provided in the diesel
engine, accuracy in estimating the cetane number of fuel can
be improved by correcting an injection timing based on this
peak pressure (or an index value thereof).

The method for determining that the fuel has been supplied
to the fuel tank 32 is not limited to the determination method
based on a detection signal of the reserve amount sensor 45
and an arbitrary method such as a determination method
based on the opening and closing of the lid of the fuel tank 32
may be adopted.

The method for determining the replacement of fuel in the
fuel path is not limited to the determination method based on
the amount of the fuel leaking into the return passage 35 from
the interior of the fuel injector 20. Instead, any method may be
employed. For example, a determination method based on the
amount of the fuel supplied to the fuel injector 20 or a deter-
mination method based on the amount of the fuel injected
from the fuel injector 20 may be employed.

As long as the process for detecting the amount of gener-
ated heat of the fuel can be executed in a proper situation, the
execution condition in the detection control process may be
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arbitrarily changed. Further, as long as the process for esti-
mating the cetane number of the fuel can be executed in a
proper situation, the execution condition in the estimation
control process may be arbitrarily changed. For example, it is
alsopossible to set a[Condition F] that “a predetermined time
has elapsed after it is determined that the fuel has been sup-
plied to the fuel tank 32” instead of the [Condition D].
According to the [Condition F], the replacement of the fuel in
the fuel path can be determined as with the [Condition D] by
setting a relatively short time as the predetermined time. On
the other hand, a possibility that the property of the fuel in the
fuel tank 32 has changed with the passage of time after the
fuel supply can be determined through the [Condition F] and
the process for estimating the cetane number of the fuel can be
executed based on that determination. Further, it is also pos-
sible to set a [Condition G] that “an operation has been per-
formed to stop the operation of the diesel engine 10”. When
the operation of the diesel engine 10 is stopped, the tempera-
ture thereof is sufficiently high in many cases. Thus, there is
considered to be a high possibility that the operating state is
stable as compared with the case where this temperature is
low, and there is considered to be an environment where the
detection of the amount of generated heat of the fuel and the
estimation of the cetane number can be accurately executed
based on the engine speed NE (specifically, engine speed
fluctuation amount ZANE). By setting the above [Condition
(1, the process for detecting the amount of generated heat of
the fuel and the process for estimating the cetane number can
be executed in such an environment. In addition, since the
cetane number of the fuel used in starting the diesel engine 10
can be accurately estimated, starting performance of the die-
sel engine 10 can be improved. That the [Condition G] is
satisfied can be determined when a driving switch is operated
by a driver to stop the operation of the diesel engine 10.

Instead of providing the fuel sensor 41, which has func-
tions of a pressure sensor and a temperature sensor, a pressure
sensor and a temperature sensor may be separately provided.
A mode of attaching the pressure sensor in this configuration
is not limited to a mode in which the pressure sensor is
directly attached to the fuel injector 20 and may be arbitrarily
changed as long as a pressure that is an index of the fuel
pressure inside the fuel injector 20 (specifically, in the nozzle
chamber 25), i.e. a fuel pressure that changes with a change of
the fuel pressure inside the fuel injector 20 can be properly
detected. Specifically, the pressure sensor may be mounted in
the branch passage 31a or the common rail 34. Further, a
mode of attaching the temperature sensor in the above con-
figuration is not limited to the mode in which the temperature
sensor is directly attached to the fuel injector 20 and can be
arbitrarily changed as long as the temperature of the fuel
actually injected from the fuel injector 20 can be properly
detected. Specifically, the temperature sensor may be
mounted in the branch passage 31a or the common rail 34.

It is also possible to employ a fuel injector of a type driven
by an electromagnetic actuator including, for example, a sole-
noid coil instead of the fuel injector 20 of the type driven by
the piezoelectric actuator 29.

The present invention may be applied not only to diesel
engines including four cylinders, also to single-cylinder die-
sel engines, diesel engines including two cylinders, those
including three cylinders or those including five or more
cylinders.

DESCRIPTION OF THE REFERENCE

NUMERALS
1...vehicle, 2 ... clutch mechanism, 3 manual transmis-
sion, 4 . . . wheel, 10 . . . diesel engine, 11 . . . cylinder,
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11a . . . combustion chamber, 12 . . . intake passage, 13 . . .
piston, 14 . . . crankshaft, 15 . . . exhaust passage, 16 . . .
supercharger, 17 . . . compressor, 18 . . . turbine, 20 . . . fuel
injector, 21 . . . housing, 22 . . . needle valve, 23 . . . injection

hole, 24 . . . spring, 25 . . . nozzle chamber, 26 . . . pressure
chamber, 27 . . . introducing passage, 28 . . . communication
passage, 29 . . . piezoelectric actuator, 29qa . . . valve body,

30 .. . discharge passage, 31a . . . branch passage, 3156 . . .
supply passage, 32 . . . fuel tank, 33 . . . fuel pump, 34 . ..
common rail, 35 . . . return passage, 40 . . . electronic control
unit, 41 . . . fuel sensor, 42 . . . supercharging pressure sensor,
43 . .. crank sensor, 44 . . . water temperature sensor, 45 . . .
reserve amount sensor, 46 . . . accelerator operation amount
sensor, 47 . . . vehicle speed sensor, 48 . . . clutch switch

The invention claimed is:

1. A cetane number estimation device that executes fuel
injection by a predetermined injection amount to estimate a
cetane number of fuel to be combusted in a diesel engine, and
estimates the cetane number based on a first index value of
output torque of the diesel engine that is generated by execu-
tion of the fuel injection,

wherein the device is configured to

detect an index value of an amount of heat generated by

combustion of the fuel by executing fuel injection by a
predetermined injection amount to detect the amount of
generated heat of the fuel, computing a second index
value of output torque of the diesel engine that is gener-
ated by execution of the fuel injection, and setting the
computed second index value as the index value of the
amount of generated heat, and

when estimating the cetane number based on the first index

value, estimate the cetane number by referring to the
index value of the amount of generated heat in addition
to the first index value.

2. The cetane number estimation device according to claim
1, wherein the device is configured to

store in advance a relationship between an estimated value

of the cetane number and the first index value of the
output torque,

correct the relationship based on the index value of the

amount of generated heat, and

compute the estimated value of the cetane number based on

the corrected relationship and the first index value of the
output torque.

3. The cetane number estimation device according to claim
1, wherein the device is configured to

store in advance a relationship between an estimated value

of the cetane number and the first index value of the
output torque,

correct the first index value based on the index value of the

amount of generated heat, and

compute the estimated value of the cetane number based on

the corrected first index value and the relationship.

4. The cetane number estimation device according to claim
1, wherein the device is configured to

execute fuel injection for estimating the cetane number

based on an injection amount that has been corrected in
accordance with the index value of the amount of gen-
erated heat, and

estimate the cetane number based on the first index value of

the output torque that has been computed at the execu-
tion of the fuel injection.

5. The cetane number estimation device according to claim
1, wherein the device is configured to

execute, based on a target injection amount, fuel injection

for detecting the amount of generated heat,
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the device further comprising a pressure sensor that detects
a fuel pressure that is an index of fuel pressure inside a
fuel injector,
wherein the device is configured to correct the target injec-
tion amount based on a fluctuating waveform of fuel
pressure detected by the pressure sensor at fuel injection.
6. The cetane number estimation device according to claim
5, wherein the device is configured to
compute an actual operating characteristic of the fuel injec-
tor based on the fluctuating waveform of the detected
fuel pressure, and
correct the target injection amount based on a difference
between the computed actual operating characteristic
and a predetermined basic operating characteristic.
7. The cetane number estimation device according to claim
5, wherein the pressure sensor is attached to the fuel injector.
8. The cetane number estimation device according claim 1,
wherein the device is configured to
execute, based on a target injection amount, fuel injection
for detecting the amount of generated heat,
detect a temperature of the fuel using a temperature sensor,
and
correct the target injection amount based on the detected
fuel temperature.
9. The cetane number estimation device according to claim
8, wherein the device is configured to
perform the detection of the fuel temperature using the
temperature sensor immediately before the execution of
the fuel injection for detecting the amount of generated
heat.
10. The cetane number estimation device according to
claim 1, wherein the device is configured to
execute, based on a target fuel injection amount, fuel injec-
tion for estimating the cetane number,
the device further comprising a pressure sensor that detects
a fuel pressure that is an index of fuel pressure inside a
fuel injector, and
wherein the device is configured to correct the target fuel
injection amount based on a fluctuating waveform of
fuel pressure detected by the pressure sensor at fuel
injection.
11. The cetane number estimation device according to
claim 10, wherein the device is configured to
compute an actual operating characteristic of the fuel injec-
tor based on the fluctuating waveform of the detected
fuel pressure, and
correct the target fuel injection amount based on a differ-
ence between the computed actual operating character-
istic and a predetermined basic operating characteristic.
12. The cetane number estimation device according to
claim 10, wherein the pressure sensor is attached to the fuel
injector.
13. The cetane number estimation device according to
claim 1, wherein the device is configured to
execute, based on a target fuel injection amount, fuel injec-
tion for estimating the cetane number,
detect a temperature of the fuel using a temperature sensor,
and
correct the target fuel injection amount based on the
detected fuel temperature.
14. The cetane number estimation device according to
claim 13, wherein the device is configured to
perform the detection of the fuel temperature using the
temperature sensor immediately before the execution of
the fuel injection for estimating the cetane number.
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